The availability of soybean mutants with altered symbiotic properties allowed an investigation of the shoot or root control of the relevant phenotype. By means of grafts between these mutants and wild-type plants (cultivar Bragg and Williams), we demonstrated that supernodulation as well as hypernodulation (nitrate tolerance in nodulation and lack of autoregulation) is shoot controlled in two mutants (nts382 and nts ll6) belonging most likely to two separate complementation groups. The supernodulation phenotype was expressed on roots of the parent cultivar Bragg as well as the roots of cultivar Williams. Likewise it was shown that non-nodulation (resistance to Bradyrhizobium) is root controlled in mutant nod49. The shoot control of nodule initiation is epistatically suppressed by the non-nodulation, root-expressed mutation. These findings suggest that different plant organs can influence the expression of the nodulation phenotype.
The development of N-fixing nodules on legume roots upon invasion of Rhizobium (or Bradyrhizobium) bacteria is subject to regulation by factors both external and internal to the plant host. In particular, the extent of nodulation is restricted by a process termed autoregulation, in which the formation ofnodules on one part of the root systemically inhibits subsequent nodule formation in other root regions (3, 15) . Nodulation is also severely restricted by the presence of nitrate in the soil (7) . Our laboratory has recently isolated several soybean mutants with altered symbiotic features, including some tolerant to nitrate (nts3) which also supernodulate (3, 4) , and others which do not form any nodules (nod-) (1, 8) .
Clearly nodulation is subject to control by plant factors; the sites of this control are unknown, although some experimentation has implicated shoot-root interactions (1 1-13) . By means of grafts between these mutant and wild-type plants, we the altered genes in the nts mutants were different between the two nts mutants used and that one, from ntsl 116, is at least a partial dominant, whereas the other, from nts382, is a recessive (8) .
MATERIALS AND METHODS
Plant Material. The isolation and preliminary characterization of the mutants was described by Carroll et al. (3, 4 These results clearly demonstrated that the extent of nodulation on the roots was strictly controlled by the shoots. The reciprocal effects of mutants ntsl 116 and nts382 was further supported by the conclusion reached from genetic studies that two complementation groups (possibly genes) at least are involved in the regulation of nodule development in soybean (8) .
We have available an additional 10 nts mutants derived by similar chemical mutagenesis and genetic and developmental studies may indicate further complexity. The ability of shoots from nts mutants derived from cultivar Bragg to induce supernodulation or hypernodulation appropriately on another cultivar (Williams) suggests that a common shoot factor is involved in nodulation control of all soybean cultivars. Cultivar Bragg and Williams basically differ in their maturity group ranking and the fact that cultivar Bragg is a determinate variety (vegetative tip growth ceases upon flowering), whereas Williams is indeterminate (no cessation of growth) may indicate that they represent two major classes of commerically used soybeans.
Split root experiments by Kosslak and Bohlool (11) have shown that the autoregulation phenomenon involves a root response which triggers a transmitted signal which results in an inhibition of nodulation (but not infection) on one side of the root system by developing (but not yet N fixing) nodules on the other side. Since the nts mutants discussed here display a normal autoregulatory response when grafted to wild-type shoots (Tables  III and IV) , the root factors involved in such a response must be unaltered. Rather it seems that the shoots of mutants nts382 and ntsl 1 16 respond differently to root signals generated after bacterial infection and early nodule development. Whether the mutant shoot response involves failure to translocate an inhibitory signal or the elicitation of a positively acting factor cannot yet be judged. Nor have we, as yet, ascertained the source of the shoot response (although cotyledon removal did not prevent it). The suggested interaction between shoot and root factors implicates a role for translocatable growth substances (8) . In this context it is worth noting that initial lateral root formation and shoot to root ratios are different in mutant nts382 relative to Tables II and   IV. In contrast to the nts mutants, the inability of our nonnodulation mutant to nodulate is strictly determined by the root (Table V) . Regardless of whether the grafted shoot was that of Bragg or nts382, mutant nod49 root stocks failed to develop nodules. Mutant nod49 itself seems to be blocked at the root hair curling stage (hac-) and no infection events are normally seen (14) . Grafting mutant nod49 shoots onto Bragg roots did not alter modulation significantly compared to Bragg controls (23 versus 26 nodules per plant) and mutant nod49 shoots inhibited modulation on mutant nts382 roots to a similar extent as did Bragg shoots (69 versus 87 nodules per plant). Thus the ability of mutant nod49 shoots to autoregulate modulation is unaltered. Instead, the root itself expresses the mutation which prevents bacterial invasion. Similar root control of non-nodulation was previously reported in a naturally occurring soybean line dji (6) .
The results from these simple grafting and hybridizing experiments demonstrate that the development of the soybean-Bradyrhizobium symbiosis is under the control of both shoot and root factors and that these factors interact. They furthermore indicate that the molecular analysis of the symbiosis should not only target onto the affected organ, but that other plant parts and perhaps commonly used developmental pattern and signals do play an important role in the regulation ofthe symbiosis (also see Ref. 8.) .
